Two-dimensional echocardiographic assessment of bioprosthetic valve dysfunction and infective endocarditis  by Effron, Marc K. & Popp, Richard L.
lACC Vol 2, No 4
October 1983:597-606
CLINICAL STUDIES
Two-Dimensional Echocardiographic Assessment of Bioprosthetic
Valve Dysfunction and Infective Endocarditis
MARC K. EFFRON, MD, RICHARD L. POPP, MD, FACC, with the technical assistance of Kitty Filly,
Marjorie Pittman, Ginger Briskin
Stanford. California
597
Two-dimensional echocardiography of Hancock porcine
heterograft valves was evaluated by correlation with
clinical, hemodynamic, angiographic and pathologic
findings in 80 patients. Ninety-fiveaortic and mitral bio-
prostheses were categorized by the type of valvular ab-
normality: group I, dysfunction due to primary tissue
failure (41 valves); group II, dysfunction due to para-
valvular leakage without infection (5 valves); group III,
infectiveendocarditis with or without hemodynamic dys-
function (28 valves); and group IV, control cases without
dysfunction or infection (21 valves).
Increased size of a bioprosthetic leaflet image (min-
imal dimensions 3 x 5 mm) was observed in 46% (19
of 41) of cases with primary tissue failure and in 62%
(10 of 16) of cases with leaflet vegetations due to endo-
carditis. Prolapse of leaflet echoes to below the level of
Valve replacement with the Hancock glutaraldehyde-pre-
served porcine heterograft has been performed widely over
the past decade because of a low incidence of thromboem-
bolic complications, Progressive tissue degeneration. char-
acterized by disruption of leaflet collagen and deposition of
calcium, is common in these prostheses and can lead to late
hemodynamic failure due to valvular regurgitation or ste-
nosis (1-3), Follow-up evaluations of valve durability sug-
gest an increasing rate of primary tissue failure after im-
plantation for 5 years (4,5). Infective endocarditis affecting
the sewing ring or leaflets is the other major cause of bio-
prosthetic failure, Primary tissue failure and valve infection
contribute to an overall valve failure rate in adult patients
ranging from I, I to 2.0%/patient-year in studies with 6 to
8 years of follow-up (4-6), Increasing numbers of patients
From the Cardiology DiVISIOn, Stanford Umversity School of Medi-
cine, Stanford, California. Dr. Effron IS the recipient of Fellowship Grant
I F32 HL06668-01 from the National Heart, Lung, and Blood Insntutc,
National Institutes of Health, Bethesda, Maryland Manuscript received
April 18, 1983, accepted May 18, 1983.
Address for reprints. Richard L. Popp, MD, Cardiology Division, C-
248, Stanford Medical Center, Stanford, California 94305
~~ 19X3 by the Amencan College ot Cardiology
the bioprosthetic sewing ring occurred in 76% (28 of 37)
of cases with torn leaflets and also in 46% (6 of 13) of
valves with vegetations on intact leaflets. Antegrade ex-
tension of leaflet echoes to beyond the level of the stents,
observed in 4 of 16 cases with leaflet vegetations, was
the only echocardiographic sign distinguishing leaflet in-
fection from leaflet degeneration. Aortic bioprostheses
with ring dehiscence affecting 40 to 90% of the anular
circumference showed motion discordant with the mo-
tion of the adjacent aortic root and native anulus.
Although echocardiographic abnormalities are fre-
quently observed with bioprosthetic leaflet degeneration
or infection, the echocardiographic appearance often does
not distinguish between these two major complications
and is best interpreted concurrently with other clinical
and laboratory assessment.
with porcine bioprosthetic valves are expected to present in
the future with hemodynamic deterioration or infection and
require clinical assessment.
The utility of two-dimensional echocardiography in the
evaluation of porcine bioprostheses is suggested by previous
studies (7,8), although these reports describe a limited num-
ber of valves with dysfunction or infection. The ability of
echocardiography to distinguish between tissue degenera-
tion and endocarditis as the cause of leaflet malfunction
remains uncertain, The frequency of abnormal echocardio-
graphic findings in dysfunctional bioprostheses and the
echocardiographic appearance of degenerating but normally
functioning valves require further clarification,
At our center, extensive experience with the Hancock
heterograft affords an opportunity to study a spectrum of
two-dimensional echocardiographic findings in implanted
bioprostheses with normal function. dysfunction secondary
to leaflet degeneration or noninfected paravalvular leakage
and infective endocarditis, We describe characteristic echo-
cardiographic findings and major limitations of the tech-
nique noted by correlation with invasive functional assess-
ment and direct inspection of bioprostheses.
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Methods
Studypatients. Consecutive patients with Hancock glu-
taraldehyde-preserved porcine heterograft valves in the aor-
tic or mitral position were included in the study if they had
echocardiography followed within 10 days by direct in-
spection of the bioprosthesis intraoperatively, after surgical
excision or at postmortem examination. Data from 69 pa-
tients hospitalized between July 1979 and June 1982 were
reviewed retrospectively, and 11 patients hospitalized
between July 1982 and January 1983 were evaluated
prospectively.
Patients with noninfected but dysfunctional valves either
had primary tissue failure of the bioprosthetic leaflets or
paravalvular leakage due to disruption of sutures. Clinical
presentation and direct inspection of the valve apparatus and
anular tissue did not suggest the presence of infective
endocarditis.
All patients with infective endocarditis had multiple pos-
itive blood cultures or a positive culture from the excised
bioprosthesis, or both. Intraoperative inspection and his-
topathologic examination of valvular vegetations or anular
tissue confirmed the presence of infective endocarditis at
the bioprosthetic site in these cases.
Bioprostheses with normal function documented at car-
diac catheterization and without evidence of endocarditis
were included as control valves, which were directly in-
spected either at the time of cardiac operation required for
replacement of another valve or at postmortem examination.
Echocardiographic methods. Two-dimensional echo-
cardiographic studies obtained with a phased array sector
scanner (Hewlett-Packard n020A or Toshiba SSH-lOA)
were recorded on videotape and subsequently analyzed by
real-time, slow motion or single frames. All echocardio-
graphic examinations included standard parasternal, apical
and subcostal transducer positions (9), and the two-dimen-
sional sector scan image plane was swept through the third
dimension to include all aspects of the bioprosthetic struc-
ture. M-mode echocardiograms were obtained using the same
imaging instrument in all patients from the standard par-
asternal position, and analysis was limited for purposes of
this study to the presence or absence of fluttering of bio-
prosthetic leaflet echoes.
The sector plane was oriented perpendicular to the plane
of the bioprosthetic sewing ring. Leaflet -associated echoes
were identified as discrete and usually mobile groups of
echoes between the stents. For purposes of categorization,
a leaflet-associated target greater than 5 mm in maximal
dimension and greater than 3 mm in the perpendicular di-
mension was defined as a large leaflet image.
Prolapse of leaflet-associated echoes was defined as
movement of the leaflet echoes beyond the level of the
sewing ring during diastole for an aortic prosthesis or during
systole for a mitral prosthesis. Prolapse was identified with
the sector plane perpendicular to the plane of the sewing
ring in the parasternal long-axis view for aortic valves and
in the parasternal long-axis or apical views for mitral valves.
Motion ofprostheses implanted in the aortic position was
evaluated in the parasternal long-axis plane. The imaging
plane was used as a fixed external reference system for single
frame analysis.
Hemodynamic andangiographic studies. Cardiac cath-
eterization was performed to assess bioprosthetic valve func-
tion in 86 patients. In four patients with leaflet degeneration
with abrupt hemodynamic decompensation and clinical signs
of severe valvular regurgitation and in five patients with
infective endocarditis, surgery was performed without cath-
eterization. In patients with an aortic bioprosthesis, the
transvalvular gradient was determined by simultaneous left
ventricular and aortic pressure recordings, and supravalvular
aortography was performed. In patients with a mitral bio-
prosthesis, the transvalvular gradient was determined by
simultaneous pulmonary arterial wedge and left ventricular
pressure recordings, and right anterior oblique left ventric-
ulography was performed.
Valvular regurgitation was graded angiographically on
a scale of 1 to 4 with 1+ = regurgitation without opa-
cification of the entire chamber; 2 + = opacification of the
entire chamber; 3 + = opacification of the left ventricle
equal to that of the proximal aorta for aortic regurgitation
or opacification of the left atrium equal to that of the left
ventricle for mitral regurgitation; and 4 + = progressive
proximal chamber opacification more dense than the opa-
cification of the aorta in aortic regurgitation or the left ven-
tricle in mitral regurgitation. Bioprosthetic stenosis was de-
fined by a mean transaortic gradient greater than 30 mm Hg
or a mean transmitral gradient greater than 15 mm Hg at
rest in patients lacking valvular regurgitation.
Pathologic examination. Intraoperative descriptions of
the bioprostheses and anular sites were noted. Pathology
reports for all surgically excised valves and for the two
autopsy cases were reviewed, and retained specimens were
reexamined by the investigators in 42 cases. Leaflet dis-
ruption was designated as a tear if it involved extension to
the free edge, central perforation of the cusp or detachment
of the cusp from the support structure. Because the leaflets
of degenerated bioprostheses frequently contained irregular
areas of both focal thickening and thinning, no attempt was
made to measure leaflet thickness. Description of leaflet
calcification was limited to those patients with grossly ev-
ident nodular deposits of calcium on the leaflet surface.
Histologic examination was routinely performed only in
patients with suspected infective endocarditis.
Results
Ninety-five bioprosthetic valves (43 aortic and 52 mitral)
were categorized into four groups for analysis of data: group
JACC Vol 2, No 4
October 1983:597-606
EFFRON ET AL
BIOPROSTHETIC VALVE DYSFUNCTION
599
I, dysfunction due to primary tissue failure; group II, dys-
function due to paravalvular leakage without infection; group
III, infective endocarditis with or without hemodynamic
dysfunction; and group IV, control valves without dys-
function or infection.
Echocardiographic leaflet images in the 95 valves dis-
played a wide variety of intensities, shapes and sizes and
ranged from thin linear patterns less than I mm thick to
bright irregular masses up to 13 mm wide. There was a
continuum of appearances between thin and abnormally
prominent leaflet -associated echoes, and the size ofthe smaller
leaflet images often varied with the gain setting. As de-
scribed previously (see Methods), a large leaflet image was
arbitrarily defined to identify especially prominent leaflet
echoes.
Group I (Primary Tissue Failure)
This group included 41 valves in 40 patients, 17 men
and 23 women with a mean age of 53.4 ± 15.3 years (range
17 to 86). One patient had two dysfunctional valves. The
mean valve age (duration of time after implantation) was
6.7 ± 2.0 years (range 2.5 to 10). All patients in this group
reported symptoms of congestive heart failure with a mean
duration of time of 4.6 months (range I week to I year).
Clinically significant mechanical hemolysis had developed
in three patients with hematocrits less than 32%. Physical
examination revealed a typical holosystolic murmur of mi-
tral regurgitation in all 23 patients with bioprosthetic mitral
regurgitation and a decrescendo diastolic blowing murmur
in all 13 patients with bioprosthetic aortic regurgitation.
Angiography was performed in 32 of the 36 patients with
bioprosthetic regurgitation and showed moderate to severe
(grade 3 + to 4 +) regurgitation. Bioprosthetic stenosis
without angiographic regurgitation was diagnosed in four
mitral valves with a mean transvalvular gradient of 16, 18,
25 and 27 mm Hg, respectively. A diastolic rumble was
noted in two of these patients. The one aortic bioprosthesis
with stenosis had a mean transvalvular gradient of 42 mm
Hg.
Group I, echocardiographic findings. The distribution
of hemodynamic, pathologic and echocardiographic find-
ings in group I is depicted in Figure 1. Among 36 regurgitant
valves, the leaflet echoes were not visualized in one case
that displayed predominant thinning of torn leaflets and nod-
ular calcification adjacent to the stents. Immobile leaflet-
associated echoes were noted in two cases that had thickened
and nonpliable leaflets. In one of these valves the leaflets
were retracted and could not coapt, and in the other valve
a portion of a leaflet had avulsed and was missing. Mobile
leaflet echoes were observed in 33 cases, and a prolapse
pattern (defined in Methods) was present in 27 of these
cases. One valve with mobile leaflet echoes and no prolapse
was regurgitant due to leaflet retraction without tearing. The
other 32 regurgitant valves with mobile leaflet echoes dis-
played tears in one or more leaflets. The number, size and
location of leaflet tears were quite variable in this group,
and no general pathologic distinction was evident between
torn leaflets showing or not showing an ecbocardiographic
prolapse pattern. The echocardiographic appearance of a
regurgitant valve with prolapsing leaflet echoes and the cor-
relative gross pathology are illustrated in Figures 2 and 3.
A large leaflet image (defined in Methods) was observed
on echocardiography in 17 cases with regurgitation. Nod-
ular deposits of calcium on the cusps were noted on path-
ologic examination in eight of these. Nodular calcification
was also present in 7 of 19 cases without large leaflet images
on echo.
Coarse fluttering of leaflet-associated echoes occurred
in six valves with torn leaflets and regurgitation. The flut-
tering occurred only during antegrade flow in three cases,
GROUP I
PRIMARY TISSUE FAILURE
Figure 1. Diagrammatic representation of
hemodynamic, pathologic and echocardio-
graphic findings in Hancock bioprostheses with
primarytissue failure (group I) and paravalvular
leakage without infection (group II). Echocar-
diographic findings and the number of valves
with each finding are listed for each subgroup.
Criteria for echocardiographic abnormalitiesare
described in the text. AVR = aortic valve re-
placement; Immobile = immobile leaflet im-
ages; LLI = large leaflet image; Mobile = mo-
bile leaflet images; MVR = mitral valve
replacement; Not visualized = leaflets not
visualized.
Retracted Leaflets
Without Tears
2 valves
1 AVR. 1 MVR
Immobile 1
Mobile 1
41 valves
Torn Leaflets
34 valves
12 AVR, 22 MVR
Not visualized 1
lmrnobtle 1
Mobile 32
Prolapse 27
LLI 17
1 AVR, 4 MVR
Immobile 2
Mobile 3
LLI 2
GROUP II
PARAVALVULAR
REGURGITATION
WITHOUT INFECTION
5 valves
2 AVR, 3 MVR
Concordant MOllon
Mobile 5
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Figure2. Echocardiographic appearance ofanaortic
bioprosthesis with a tom leaflet due to primary tissue
failure. During diastole, a bright mass ofechoes (thick
arrow) representing the tom leaflet (LE) prolapses
beyond the level of the prosthetic ring and into the
left ventricular outflow tract. AO = aorta; LA = left
atrium; LV = left ventricle; S = stent of the bio-
prosthetic valve (thin arrow).
only during retrograde flow in two, and during both ante-
grade and retrograde flow in one.
Of the five stenotic valves in group I , two displayed
immobile leaflet echoes and three displayed mobile leaflet
echoes without a prolapse pattern. Two of the valves with
mobile leaflet echoes also met criteria for a large leaflet
image. The gross pathologyof these stenotic but competent
valves includedgeneralizedleaflet thickeningand decreased
pliability in three cases and partial commissural fusion at
the site of cusp attachment to the stents in two cases (Fig.
4). The cusps of four of the five stenotic valves contained
nodular calcifications.
Only 6 of 41 patients in group I showed either no dis-
cernable leaflet echoesor mobile leafletechoes withoutother
echocardiographic abnormalities.
Group II (Paravalvular Leakage Without Infection)
This small group was composed of five valves in three
men and two women with a mean patient age of 53.8 ±
16.4 years (range 34 to 76) and a mean valve age of 0.8
± 0.7 years (range 0.1 to 2). There were two aortic and
three mitral bioprostheses. Congestive heart failure and
characteristic regurgitant murmurs were noted in these pa-
tientssoon after valve implantation. Regurgitation wasmod-
erately severe to severe (grade 3 + to 4 +) by angiography.
Echocardiography of valves in group II showed thin and
mobile leaflet-associated echoes (Fig . 1). The bioprosthetic
apparatus moved concordantly with contiguous cardiac
structures and did not appear unstable. Direct inspection
revealed that suture material was disrupted or that sutures
had pulled through nonsupportive anular tissue. The degree
of valvular dehiscence was minor in these cases, and the
extent of circumferential detachment was estimated to be
from 10 to 25%. The possibility of infective endocarditis
was excluded by negativecultures of the valve sites and the
appearance of the anular tissue.
Group III (Infective Endocarditis)
Group III included 28 valves in 27 patients, 16 men and
II women with a mean age of 47.6 ± 17.2 years (range
20 to 79) and a mean valve age of 2.8 ± 2.4 years (range
2 weeks to 7.5 years). One patienthad endocarditisaffecting
valves in the aortic and mitral positions. As described pre-
viously (see Methods) infective endocarditis was confirmed
in these patients by positive culture of the blood, valve or
anular tissue. Eighteen of the 27 patients had fever, 6 ex-
perienced systemic emboli and 17 developed congestive
heart failure. All patients with bioprosthetic regurgitation
due to paravalvular or leaflet involvement had murmurs of
valvular regurgitation.
Figure 5 depicts the distribution of hemodynamic , path-
ologic and echocardiographic findings in group III . Among
15 valves with dehiscence (group lIlA), angiography showed
2+ regurgitation in 3 cases and 3+ or 4 + regurgitation
in 10 cases; catheterization was not performed in 2 cases.
Bioprosthetic dehiscencesecondaryto endocarditis occurred
only in the aortic position. Small leaflet vegetations were
also observed in three of these valves. Among the 13 bio-
prostheses with the infectiveprocessconfined to the leaflets
(group lIIB), valvular regurgitation occurred in 7. Angi-
ography was performed in four of these cases and showed
grade 3 + or 4 + regurgitation. Two patients had biopros-
thetic stenosis with a transmitral gradient of 20 and 22 mm
Hg, respectively, in the absence of angiographic regurgi-
Figure3. The aortic bioprosthesis depicted in Figure 2 after sur-
gical excision. This view of the base or ventricular aspect of the
valve shows a segment ofa torn leaflet (arrows) protruding below
the sewing ring.
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Figure 4. A stenotic mitral bioprosthesis after surgical excision.
At the sitesof commissural attachment to the stents (arrows), the
commissures are fused with extensive nodular excrescences of
calcification. The central portion of the leaflets remains pliable.
This valve appeared normal by echocardiography, with thin and
mobile leaflet echoes.
tation. The other four patients in group IIIB had valvular
vegetations but no hemodynamic dysfunction or angio-
graphic evidence of regurgitation detected at catheterization.
Group IlIA, echocardiographic findings . The eight
aortic bioprostheses with ring dehiscence affecting 10 to
30% of the anular circumference all appeared stable by
echocardiography. Movement of the valve image during the
cardiac cycle was concordant with that of the adjacent aortic
anulus, aortic root and upper interventricular septum. A",
viewed from the parasternal long-axis transducer position,
these well-seated prostheses moved toward the cardiac apex
during systole and moved superiorly in the direction of the
aortic root during diastole.
The seven aortic bioprostheses with more extensive ring
dehiscence ranging from 40 to 95% appeared unstable by
echocardiography (Fig. 6). Movement of these valve im-
ages was not concordant with that of adjacent tissue struc-
tures. With the use of a fixed external reference system in
the parasternal long-axis plane, the angle of change of pros-
thesis orientation during the cardiac cycle varied consid-
erably among these valves; some appeared to tilt as much
as 50° and other s showed no tilting in the single imaging
plane. The tilting observed in the parasternal long-axis view
was partly determined by the attachment or hinge point of
a loose prosthesis at the aortic anulus. Anterior or posterior
hinge points were associated with tilting motion within the
sector plane. Medial or lateral hinge points led to tilting
motion primarily perpendicular to the image plane and, thus,
were not observed well in this transducer position.
In the parasternal long-axis view, all seven unstable valves
showed a paradoxical early systolic movement superiorly
into the aortic root. This early systolic movement was great-
est at the detached aspect of valves with hinge points in the
sector plane (anterior or posterior attachments). When the
hinge points were not in the sector plane, the entire valve
image showed this early systolic motion.
Group IIIB, echocardiographic findings. This subgroup
was composed of those cases in which the infective process
was confi ned to growth of vegetations on the bioprosthetic
leaflets, as determined by gross examination. One of three
cases with regurgitation and tom leaflets showed prolapse
GROUP III
INFECTIVE ENDOCARDITIS
28 valves
GROUP lilA
VALVULAR
DEHISCENCE
15 valves (AVRI wrth
regurgitation
(Witho ut valvular dehi scen ce)
13 valves
GROUP IIIB
LEAFLET VEGET ATIONS
Torn Intact
Leaflet s Leaflets 2 MVR 4 MVR
2 AVR, 1 MVR 1 AVR,3 MVR
Mobile 3 Mobile 4 Imm obile 1 Mob,le 4
Prolapse 1 Prolapse 4 Mobile I Prolapse 1
Lli 3 Lli 3 Prolapse 1 Lli 3
AE 3 Lli 1 AE 1
40-95%
Debrsced
7 AVR
Discorda nt
Motion
Not Visualized 3
Mobil e 4
10-30%
Detusced
8 AVR
Concordant
Mot IOn
Not Visualized 3
Mobole 5
Figure 5. Diagrammatic representation
of hemodynamic. pathologic and echo-
cardiographic fi ndings in Hancock bio-
prostheses with infective endocarditis
(group III). Three valves WIth dehiscence
also contained small leaflet vegetations.
Echocardiographic findings and the num-
berof valves with each finding are listed
for each subgroup. Criteria for echocar-
diograph ic abnormalities are described in
the text. AE = antegrade extension of
leaflet echoes to above the level of the
stents; other abbreviations as tn Figure I.
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Figure 6. Echocardiographic appearance of an unstable
aortic bioprosthesis with extensive dehiscence due to
bacterial endocarditis. The diastolic frame (panel a) shows
the valve (ar row) located at the level of the native an-
ulus. Duringsystole (panel b), the valve (ar row) swings
upward into the aortic root. AO = aorta; LA = left
atrium; LV = left ventricle.
of leaflet-associated echoes. The four cases with regurgi-
tation and intact leaflets also showed prolapse; valvular re-
gurgitation in these cases was attributed to large vegetations
distorting the leaflet contour and preventing normal coap-
tation . The two cases with valvular stenosis showed exten-
sive growth of vegetations, which decreased the pliability
of the leaflets and bridged the commissures. Two mitral
valve s without regurgitation displayed a prolapse pattern .
Large vegetations in one case were attached to the atrial
surface of the leaflets, and in the other case a large pedun-
culated vegetation was attached to the free edge of the lea-
flet. Prominent leaflet echoes fulfilled criteria for a large
leaflet image in 10 cases in group llIB . These prominent
leaflet echoes varied in intensity and contour and appeared
similar to the leaflet-a ssociated masses observed in groups
I and IV.
There was antegrade extension of leaflet-associated echoes
beyond the level of the valve stents in fo ur valves ill group
llIB (Fig . 7). Thi s occurred durin g sys tole in two aortic
valves and durin g diastole in two mitral valves. These valves
contained large pedun culated vege tations attached near the
free margins of intact cusps. Thi s echoca rdiographic findin g
of antegrade extension of leaflet-associated echoes beyond
the stents was not noted among other valves in the study .
It was the only echocardiographic sign that distingui shed
leaflet vegetations from nonin fect ive leaflet degeneration .
Coarse flutt ering of leaflet-associated echoes was ob-
served in two mitral biopro stheses with large vegetations
on untorn leaflets . Fluttering occ urred during antegrade flow
in one case without valvular regurgitation and during both
antegrade and retrograde flow in one case with regurgitation.
Of the 28 valves with infect ive endocarditis , 8 in group
I1IB and I in group IlIA showed no echocardiographic
abnormalities.
Group IV (Controls)
The 21 control valves , 9 aortic and 12 mitral, were pres-
ent in 20 patients , 9 men and II women with a mean patient
age of 53 .5 ± 15.5 years (range 22 to 75) and a mean valve
age of 4 .2 ± 2.4 years (range 3 weeks to 7 .5 years). Norm al
valve function was documented in all by hemodynamic mea-
surements and angiography. Two valves were inspected
postmortem, and two were present in a single heart excised
from a cardiac transplant recipient. Seventeen valve s were
assessed at the time of intracardiac operations required to
replace the other left-sided valve, and eig ht of these were
inspected intraoperatively but not electively replaced. Twelve
patients with two bioprostheses had their dysfunctional valve
assigned to group I and the other norm ally functioning valve
assigned to group IV.
GroupIV, echocardiography. Of the 21 control va lves
with normal function , leaflet-associated echoes were not
visible in eight cases. A calcific nodul e on the leaflet of one
of these latter valves was adjacent to a stent. Mobile leaflet
echoes were observed in the other 13 cases. Three valves
implanted for 5, 6 and 7 years , respecti vely, showed large
leaflet images. Nodul ar ca lcification was present in these
three valves and in two valves lack ing this echocardi o-
graphic finding . Prolapse was not observed in this group.
The sensitivity, specificity and positive predictive value
of echocardiographic findin gs fo r identification of bio-
lACC Vol 2. No 4
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Figure 7. Echocardiographic appearance
of a large vegetation (Veg) attached to a
leafletof a mitralbioprosthesis ina patient
with infective endocarditis. During dias-
tole. a large mass of echoes extends an-
tegrade beyond the levelof the prosthetic
stents. LA = left atrium; LV = left
ventricle.
prosthetic valve abnormalities are summarized in Table I .
Of 74 valve s with hemodynamic dysfunction or infective
endocarditis (groups I, II and 1II), 54 (73%) showed at least
one of the following echocardiographic signs : large leaflet
image , immobile leaflet image , prolapse of leaflet-associ-
ated echoes or discordant prosthesis motion .
Discussion
Histologic studies (1,3 ) of excised glutaraldehyde-pre-
served porcine bioprosthetic valves frequently reveal the
presence of leukocytic and histiocytic infiltration with dis-
ruption of leaflet collagen . This common degenerative pro-
cess produces a wide spectrum of macroscop ic alterations
of the bioprosthetic leaflet structure . Leaflet s may have areas
of thickening or thinning with normal function, loss of pli-
ability with predominant stenosis , or retraction or tears cau s-
ing regurgitation . The tears vary in size and location and
may cause mini llal to severe changes in leaflet motion and
function. Bioprosthetic endocarditis also displays a spec-
trum of gross anatomic alterations, which may be locali zed
to the prosthetic support structure, the leaflets or both sites.
Prosthetic valves may devel op dehiscence with or without
infection . Th is heterogeneity in the pathologic anatomy of
bioprosthetic valves leads to a wide variation of echocar-
diographic appearances and a paucity of fully sensitive or
specific signs.
Significance and interpretation of leaflet echoes.
Thickening of porcine valve cusp echoes detected by M-
mode echocardiography correlates with the duration of valve
implantation (10), and thickened cusp echoes are frequently
seen in valves with clinically significant primary tissue fail-
ure (7,8). Although indicative of leaflet degeneration, prom-
inent leaflet echoes are not present in some valves with
advanced leaflet degeneration and clinically significant dys-
function . In our experience. it is difficult to correlate the
thickness of leaflet echoes with the thickness of actual leaflet
tissue for several reasons . First , degenerated leaflets often
do not have a uniform thickness , and the ultrasound beam
can be directed to sites on a leaflet with different dimensions.
Second, with a trileaflet structure it is difficult to be certain
that the ultrasound beam is truly perpendicular to the leaflet
area producing the echoes. Portions of tom leaflets may
become reoriented in relation to the echo beam and produce
large images without true thickening of the tissue. Third,
the gain and signal processing of the ultrasound device partly
determines the apparent thickness of leaflet echoes . Fourth,
large excrescences of calcification commonly develop at the
free edge of the leaflet s at the point of attachment to the
prostheti c stents. Echoes from these deposits may not be
resolvable as separate from echoes produced by the adjacent
stent. Finally, the echocardiographic leaflet image may be
affected by the composition or acoustic impedence as well
as the actual dimension of leaflet tissue. Focal deposition
of calc ium is detectable by light or electron scanning mi-
croscopy in 34 to 50% of valves remo ved up to 7 years after
implantation (2, II ) and is present radiographically in vir-
tuall y all valves implanted for longerthan 5 years (12). This
calcification may enhance the intensity and apparent thick-
ness of leaflet echoes.
Large leaflet image. Due to the many possible deter-
minants of the size of an echocardiographic leaflet image,
we have limited our categorization to the presence or ab-
sence of a large leaflet image by two-dimensional echo-
cardiography, arbitraril y defined as an image with minimal
dimen sions of 3 mm x 5 mm using either of the two
instrum ents employed in this study. Thi s pattern of prom-
inent leaflet echoes was present in 19 of 41 valves with
dysfuncti on due to leaflet degeneration (group I) and may
have resulted from various combinations of true leaflet thick-
ening , leaflet calcification and altered orientation of the torn
leaflet segments relative to the transducer beam. Of 21 con-
trol valve s (group IV) with normal function, 3 with advanced
degenerative changes by gross examination also showed a
large leaflet image. A similar echocardiographic appearance
was noted in 10 of 16 cases of infecti ve endocarditis with
leaflet vegetations (group III). In most of these cases , the
large leaflet echoes probably were produced by vegetations,
although leaflet tear s in three cases and subclinical leaflet
degeneration in all valve s may have contributed as well .
Thus. the echocardiographic findin g of a large leaflet
image as such does not distinguish between leaflet changes
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Table 1. Sensitivity, Specificity and Positive Predictive Value of Echocardiographic Findings in Patients With Hancock
Bioprosthetic Valves*
Echocardiographic Finding
as Indicator of Positrve
Bioprosthetic Valve Test Sensitivity Specificity Predictive
Abnormality Population (%) (%) Value (%)
Prolapse as indicator of leaflet tear or leaflet All valves 72 100 100
vegetation (groups I-IV)
Prolapse as indicator of leaflet tear All valves 76 90 82
Primary tissue failure 79 100 100
(group I)
Prolapse as indicator of leaflet vegetation All valves 44 66 21
Infective endocarditis 44 100 100
(group III)
Large leaflet image as indicator of leaflet All valves 62 72 31
vegetation Infective endocarditis 62 100 100
(group III)
Immobile leaflet echoes as indicator of All valves 43 98 60
valvular stenosis
DIscordant motion as indicator of ring All aortic valves 41 100 100
dehiscence
Antegrade extension of leaflet echoes to above All valves 25 100 100
stents as indicator of leaflet vegetation
*Criteria for echocardiographic findings and definitions of patient groups are described in the text.
due to degeneration and those due to growth ofvegetations.
If the presence or absence of infective endocarditis is con-
currently assessed by other clinical and laboratory methods,
the size of leaflet images should have greater clinical utility.
In the absence of endocarditis, a large leaflet image alone
suggests leaflet degeneration, In the presence of endocar-
ditis, this same echocardiographic finding suggests vege-
tation formation on the bioprosthetic leaflets, Undoubtedly,
some valves may be found to have both advanced degen-
erative changes and leaflet infection. Masses associated with
valve leaflets have previously been observed by two-di-
mensional echocardiography in cases of bioprosthetic en-
docarditis (13,14), We emphasize the great similarity in the
echocardiographic appearance of degenerative leaflet dis-
ruption and vegetations because patients with bioprosthetic
valves are prone to both complications. A diagnosis of en-
docarditis on the basis of a large leaflet image without cor-
roborative clinical evidence could potentially lead to un-
necessary empiric antibiotic therapy and delay in definitive
surgical treatment.
Prolapse of leaflet-associated echoes. As defined in this
study, prolapse of leaflet-associated echoes below the level
of the prosthetic ring may be observed both with tom leaflets
and leaflet vegetations. Without discriminating between these
two types of leaflet abnormalities, this prolapse motion de-
tects their presence with a sensitivity of 72% and a speci-
ficity of 100% in our total patient group. Criteria for prolapse
of bioprosthetic leaflet echoes were fulfilled in six cases
with vegetations on untorn leaflets, including two cases
without valvular regurgitation. This echocardiographic pat-
tern was presumably caused by protrusion of vegetations to
below the level of the prosthetic ring during cusp coaptation,
As with the finding of a large leaflet image, a finding of
prolapse may be most useful if the clinical setting can be
ascertained by independent diagnostic means, Among pa-
tients without infective endocarditis, prolapse was 100%
specific for a tom cusp and regurgitation. Among those with
endocarditis, the same appearance was 100% specific for
vegetative growth on the leaflets.
Antegrade extension ofleaflet-associated echoes to above
the level of the prosthetic stents was observed infrequently
in our series, but this sign was fully specific for the presence
of vegetations on the cusps, This pattern was not seen in
patients with leaflet dysfunction due to degeneration (group
1). Although it is conceivable that a very large tear could
cause displacement of leaflet material to above the stents
during antegrade flow, this was not observed by echocardi-
ography in this series.
Fluttering of bioprosthetic cusp echoes. Coarse flut-
tering of bioprosthetic cusp echoes on M-mode recordings
has been previously described as a sign of severe regurgi-
tation due to a tear of one or more cusps (7). However,
fluttering during antegrade flow may be observed in the
absence of leaflet dysfunction (15,16) and has been de-
scribed in a stenotic aortic bioprosthesis without torn leaflets
(17). In our study, fluttering during antegrade flow was
JACC Vol. 2, No 4
October 1983.597-606
EFFRON ET AL
BIOPROSTHETIC VALVE DYSFUNCTION
605
recorded in two cases with vegetations on untorn cusps,
This echocardiographic finding, therefore, is not a specific
sign of leaflet disruption, Fluttering during retrograde flow
was recorded in four regurgitant valves, three with torn
cusps and one with only cusp vegetations, Though specific
for valvular incompetence in our series, fluttering during
retrograde flow was an infrequent finding, and each of these
valves also showed the echocardiographic abnormalities of
a large leaflet image or prolapse,
Dehiscence of bioprosthetic valves. The M-mode and
two-dimensional echocardiographic appearances of major
dehiscence of bioprosthetic valves have been described pre-
viously (17,18), Our study extends these observations to
include 5 cases of dehiscence without endocarditis and 15
cases with dehiscence secondary to para-anular infection in
the aortic position, In cases with aortic valve dehiscence
estimated at 40 to 95% of the anular circumference by direct
observation, the detachment was demonstrable in the par-
asternal long-axis view, Motion of these valves was not
concordant with that of the adjacent aortic root, anulus and
upper interventricular septum, Stop-frame analysis of valve
motion documented an early systolic movement of the bio-
prosthetic structure upward into the aorta, which was not
observed when dehiscence was less extensive or absent.
Simple visual observation of the prosthesis motion in real-
time accurately identified patients with unstable aortic valves
and major detachment so that stop-frame analysis was not
required for diagnosis. Extensive dehiscence of a mitral
prosthesis did not occur in our patients, The normal motion
of the mitral anulus is greater than that of the aortic anulus,
and movement of the posterior atrioventricular ring leads to
apparent rocking of some well-seated prosthetic valves in
the mitral position, The ability of echocardiography to dis-
tinguish normal and abnormal motion and to identify de-
tachments at this site requires further evaluation.
Bioprosthetic valve stenosis. Predominant stenosis of
a Hancock bioprosthesis is an uncommon mode of hemo-
dynamic failure (4,5), Increased cusp echoes have been
previouslyreported in cases of bioprosthetic stenosis (7,19),
but in the present series this pattern was often observed in
valves with advanced degenerative change and torn leaflets,
Because all three cusps or all portions of a single cusp may
not be well-visualized by echocardiography, we did not
attempt to distinguish restricted motion from normal motion
of the leaflets. Totally immobile leaflet echoes, showing no
movement independent of the prosthetic support structure,
were observed in three of our seven cases with valvular
stenosis, The poor sensitivity and predictive value of this
finding limit its clinical application.
Limitations of this study. The requirement for full
echocardiographic and pathologic correlation in this series
tended to select patients with severe valvular deterioration.
Direct inspection of valves is required to distinguish the
anatomic basis of valvular dysfunction and to confirm and
localize the site of valvular vegetations. Patients with sub-
clinical hemodynamicdysfunction of their implanted valves
and patients treated medically for congestive heart failure
without reoperation were not included in the study group.
A minority of patients with prosthetic valve endocarditis
have been definitively treated without reoperation at our
institution and were also excluded from the study. Such
patients may tend to have less advanced infection and less
hemodynamiccompromise, The number of valves with pre-
served function in our control group was limited and in-
cluded some patients with clinically significantdeterioration
of a bioprosthesis at another site. These valves with normal
function may have more advanced degenerative changes in
comparison with patients not undergoing reoperation. The
sensitivity, specificity and predictive value of echocardio-
graphic findings listed in Table I were determined retro-
spectively in this patient group with the aforementioned
selection bias. These indexes may not be directly applicable
to patient groups selected by other means.
The mild stenosis intrinsic to the design of the Hancock
valve is associated with a small rest transvalvular gradient,
which can increase with the augmented flow across regur-
gitant valves in the absence of acquired stenosis. For the
purpose of this study, acquired stenosis has been defined
by transvalvular gradients only in valves without regurgi-
tation. We did not employ Doppler methods for the as-
sessment of the regurgitant flow or transvalvular gradient
in a sufficient number of these patients to comment on its
use.
Clinical implications. This study correlates echocardio-
graphic findings with hemodynamic and gross pathologic
alterations in a large series of bioprosthetic valves. Echo-
cardiographic findings with 100% specificity in our entire
patient group include the discordant motion of aortic valves
with major detachment of the prosthetic ring and the an-
tegrade movement of echoes to above the level of the pros-
thetic stents during forward flow in cases with endocarditis
and leaflet vegetations.
The morphologic information displayed by echocardi-
ography usually does not enable the examiner to distinguish
leaflet changes due to degeneration from those due to en-
docarditis. Large leaflet images and prolapse of leaflet echoes,
as described in this study, frequently can be observed in
both conditions. This lack of specificity and the absence of
any echocardiographic abnormalities in some dysfunctional
or infected valves limit the diagnostic utility of isolated
echocardiographic findings. Echocardiography of bio-
prostheses is most useful for patient management when in-
terpreted concurrently with knowledge of the clinical set-
ting. Among patients with transvalvular or paravalvular
regurgitation in this series, auscultatory evidence of valvular
regurgitation was consistently noted. Most patients with
bioprosthetic endocarditis have symptoms, physical signs
or other laboratory findings that suggest the presence of
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valve infection. With our present methods, we provide a
differential diagnosis based on the echocardiographic im-
ages, which is further modified by the clinical presentation
and other laboratory data.
We express apprecialion to our colleagues in the Cardiovascular Surgery
Department for description of intraoperative findings, to Margaret BIl-
lmgham, MD, for providing specimens of excised valves, to Marta Gomez
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database and to Gretchen Houd for manuscript preparation
References
I. Spray TL, Roberts WC. Structural changes in porcine xenografts used
as substitute cardiac valves. Gross and histologic observalions m 51
glutaraldehyde-preserved Hancock valves in 41 patients. Am J Cardiol
1977;40:319-30.
2. Ferrans VG, Boyce SW. Billmgharn ME, Jones M, Ishihara T, Roberts
We. Calcific deposits in porcine bioprostheses: structure and patho-
genesis. Am J Cardiol 1980;46:721-34.
3. Ishihara T, Ferrans VJ, Boyce SW, Jones M, Roberts We. Structure
and classification of cuspal tears and perforations in porcme bio-
prosthenc cardiac valves implanted m patients. Am J Cardiol
1981;48:665-78.
4 Lakier JB, Khaja F, Magilligan DJ, Goldstein S. Porcine xenograft
valves. Long-term (60-89 month) follow-up. Circulation 1980:62:313-8.
5. Oyer P, Miller DC, Stinson EB, Reitz BA, Moreno-~abral RJ, Shum-
way NE. Clinical durability of the Hancock porcine bioprostheuc
valve. J Thorac Cardiovasc Surg 1980;80:824-33.
6. Cohn LH, Mudge GH, Pratter F, Collins JJ FIve to eight-year follow-
up of patients undergoing porcme heart-valve replacement. N Engl J
Med 304:258-62.
7. Alam M, Madrazo AC, Magrlhgan DJ, Goldstein S. M mode and two
dimensional echocardiographic features of porcme valve dysfunction.
Am J Cardiol 1979;43:502-9.
8. Schapira IN, Martin RP, Fowles RE, et al. Two-dimensional echo-
cardiographic assessment of patients with bioprosthetic valves. Am J
Cardiol 1979;43:510-9.
9. Popp RL, Fowles R, Coltart DJ, Martin RP. Cardiac anatomy viewed
systematically with two dimensional echocardiography. Chest
1979;75:579-85.
10. Alam M, Goldstein S, Lakier JB. Echocardiographic changes in the
thickness of porcine valves with lime. Chest 1981;79:663-8.
II. BIllingham ME, Ferrans VJ, Boyce SW, Spray TL, Roberts We.
Bacterial infection in Implanted porcine valve heterografts: a histo-
pathologic and ultrastructural study. In: Sebening F, Klovekorn 'YP,
Meisner H, Struck E, eds. Bioprosthetic Cardiac Valves MUnich:
Deutsches Herzzentrum, 1979:281-94.
12. Cipnano PR, Billingham ME, Oyer PE, Kutsche LM, Stinson EB.
Calcification of porcine prosthetic heart valves: a radiographic and
light microscopic study Circulanon 1982:66:1100-4.
13. Martin RP, Meltzer RS, Chia BL, Stinson EB, Rakowski H, Popp
RL. Clinical unhty of two-dimensional echocardiography in infective
endocarditis. Am J Cardiol 1980:46:379-85.
14 Rubenson DS, Tucker CR, Stmson EB, et al. The use of echocardi-
ography m diagnosing culture-negative endocarditis. Circulation
1981;64:641-6.
15. Jacovella G, Narducci C, Pmo PG, Salati A. Echocardiographic fea-
tures of porcine valve dysfunction (letter). Am J Cardiol 1980;46.526.
16. Makihata S, Tanimoto M, Yamamoto T, et al. M-mode and two-
dimensional echocardiographic features of porcine xenograft valve
dysfunction. J Cardiogr 1982;12.33-44.
17. Strasberg B, Kanakis C, Eckner F, Rosen K. Echocardiographic dem-
onstration of porcine mitral valve vegetation and dehiscence. Eur J
CardioI1980;12:41-5.
18. Mehta A, Kessler KM, Tamer D, Pefkaros K, Kessler RM, Myerburg
RJ Two-dimensional echographic observalions m major detachment
of a prosthetic aortic valve. Am Heart J 1981.101:231-3.
19. Alam M, Goldstein S Echocardiographic features of a stenotic porcine
aornc valve. Am Heart J 1980:100:517-9
